One feature of neuropathic pain is a reduced spinal gamma-aminobutyric acid (GABA)-ergic inhibitory function. However, the mechanisms behind this attenuation remain to be elucidated. This study investigated the involvement of reactive oxygen species in the spinal GABA neuron loss and reduced GABA neuron excitability in spinal nerve ligation (SNL) model of neuropathic pain in mice. The importance of spinal GABAergic inhibition in neuropathic pain was tested by examining the effects of intrathecally administered GABA receptor agonists and antagonists in SNL and naïve mice, respectively. The effects of SNL and antioxidant treatment on GABA neuron loss and functional changes were examined in transgenic GAD67-enhanced green fluorescent protein positive (EGFP+) mice. GABA receptor agonists transiently reversed mechanical hypersensitivity of the hind paw in SNL mice. On the other hand, GABA receptor antagonists made naïve mice mechanically hypersensitive. Stereological analysis showed that the numbers of enhanced green fluorescent protein positive (EGFP+) GABA neurons were significantly decreased in the lateral superficial laminae (I-II) on the ipsilateral L5 spinal cord after SNL. Repeated antioxidant treatments significantly reduced the pain behaviors and prevented the reduction in EGFP+ GABA neurons. The response rate of the tonic firing GABA neurons recorded from SNL mice increased with antioxidant treatment, whereas no change was seen in those recorded from naïve mice, which suggested that oxidative stress impaired some spinal GABA neuron activity in the neuropathic pain condition. Together the data suggest that neuropathic pain, at least partially, is attributed to oxidative stress, which induces both a GABA neuron loss and dysfunction of surviving GABA neurons. Ó
Introduction
Gamma-aminobutyric acid (GABA) is one of the main inhibitory neurotransmitters in the mammalian nervous system, including the spinal dorsal horn. The loss of GABA inhibitory tone is an important contributor for the development of pain [10, 19, 21, 32] . The reduction of inhibitory tone after peripheral nerve injury is evident based on: (1) a reduction in GABA content or GABA synthesizing enzyme immunoreactivity [3] [4] [5] 11, 33] ; (2) presence of apoptotic profiles of spinal GABA neurons [29] ; and (3) a reduction in the inhibitory postsynaptic currents in lamina II neurons [1, 22] . On the other hand, contradictory findings have shown that nerve injury causes no significant change in GABA content [24, 26] , no loss of GABA neurons [24, 25] , no significant reduction of GABAergic synapses or GABA receptors in the denervated area [26] , or even an increased spinal GABA level [27] and an enhancement of inhibitory tone [12] . Therefore, the fate of GABA neurons in the spinal cord after peripheral nerve injury remains unclear due to the difficulties in labeling GABA neurons and the inconsistent methods used across studies to analyze GABA content.
Several studies have proposed that GABA neurons are particularly susceptible to oxidative stress [34] . Reactive oxygen species (ROS) may influence apoptotic gene expression after peripheral nerve injury [31] . Thus, we hypothesize that one of the mechanisms by which ROS contribute to central sensitization is by promoting the loss of GABA neurons and/or hindering GABA functions, and consequently, the disruption of GABA inhibitory tone in the spinal dorsal horn.
The present study investigated the role of ROS in neuropathic pain with respect to their interaction with the spinal GABA system. A transgenic mouse line was used that expresses the glutamic acid decarboxylase 67-enhanced green fluorescent protein (GAD67-EGFP) transgene, which unequivocally labels a subset of GABA neurons in the spinal cord [8, 23] 
